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Abstract

Background: Obesity is a major public health concern and shows a clear social gradient,
with higher prevalence among individuals with lower socioeconomic position. Educational
level is a key indicator of socioeconomic status, but the extent to which lifestyle factors
explain its association with obesity remains unclear. Objective: To examine the associa-
tion between educational level and obesity in a working-age population and to evaluate
how adjustment for lifestyle factors influences the magnitude of the association between
educational level and obesity. Methods: A cross-sectional study was conducted among
3108 working-age adults undergoing occupational health assessments in Spain. Educational
level was categorised into three groups (higher, intermediate, and primary or none). Obe-
sity was defined as a body mass index ≥30 kg/m2. Lifestyle variables included smoking
status, physical activity assessed using the International Physical Activity Questionnaire
(IPAQ-SF), and adherence to the Mediterranean diet evaluated with the MEDAS-14 score.
Sequential logistic regression models were used to estimate odds ratios (ORs) and 95%
confidence intervals (95% CI), with progressive adjustment for demographic, behavioural,
and clinical factors. Results: The overall prevalence of obesity was 16.6%, with a clear
gradient across educational levels (11.5% in higher education vs. 19.8% in primary or no
education). In crude analyses, individuals with the lowest educational level had higher
odds of obesity (OR 1.89; 95% CI 1.46–2.45). Adjustment for age and sex attenuated the
association (OR 1.72; 95% CI 1.32–2.24), with further reduction after inclusion of lifestyle
factors (OR 1.63; 95% CI 1.24–2.13). In the fully adjusted model, the association remained
statistically significant (OR 1.61; 95% CI 1.18–2.21), indicating that adjustment for lifestyle
factors attenuated the association between educational level and obesity, although the asso-
ciation remained statistically significant. Conclusions: Lower educational level is associated
with a higher risk of obesity. Adjustment for lifestyle factors attenuated this association,
although a statistically significant relationship remained. These findings support the role
of education as a fundamental determinant of health and highlight the need for strategies
addressing broader social and structural determinants of obesity.
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1. Introduction
Obesity is widely recognised as one of the major public health challenges of the

21st century, given its well-established role in the development of cardiovascular disease,
type 2 diabetes, and other chronic conditions [1,2]. Despite considerable efforts to curb its
prevalence, rates of obesity continue to rise in many regions, suggesting that conventional
approaches focused on individual risk factors may be insufficient [3].

In this context, increasing attention has been directed towards the role of socioeco-
nomic inequalities. A substantial body of evidence indicates that obesity does not occur ran-
domly within populations, but rather follows a clear social gradient, with higher prevalence
consistently observed among individuals with lower socioeconomic position, particularly
those with lower educational attainment [4–6]. This pattern has been documented across
different countries and age groups, pointing towards underlying structural mechanisms
rather than isolated behavioural differences [5,7]. Education, as a core component of socioe-
conomic position, is of particular interest because it reflects not only knowledge acquisition
but also long-term access to opportunities, resources, and health-related decision-making
capacity [8,9]. Individuals with lower educational levels are more likely to experience
adverse living conditions and may face greater barriers to adopting and maintaining
healthy behaviours.

Lifestyle factors such as diet, physical activity, and smoking are commonly proposed as
key pathways linking socioeconomic position to obesity [10–12]. Indeed, these behaviours
tend to cluster within socially disadvantaged groups and are known to contribute to energy
imbalance and weight gain [11,13]. However, the extent to which these factors fully account
for socioeconomic differences in obesity remains open to debate. Some studies suggest
that adjusting for lifestyle behaviours substantially attenuates the association between
socioeconomic status and obesity, while others report that a residual effect persists even
after accounting for these variables. This raises the possibility that education may influ-
ence obesity through additional pathways that are not entirely captured by conventional
behavioural measures.

Clarifying this issue is not merely of academic interest. If socioeconomic inequalities
in obesity are largely explained by lifestyle factors, interventions targeting behaviour
change may be sufficient. On the other hand, if an association between educational level
and obesity persists after adjustment for lifestyle factors, this would support the need for
broader structural approaches aimed at reducing social inequalities in health [8,14].

Against this background, the present study examines the association between edu-
cational level and obesity in a working-age population and evaluates how adjustment
for lifestyle factors influences the magnitude of this association. By applying sequential
adjustment models, we aimed to assess changes in effect estimates after inclusion of
lifestyle-related variables.

2. Methods
2.1. Study Design and Population

A cross-sectional study was conducted using data collected between January 2019 and
September 2020 from a large occupational cohort of working-age adults in several Spanish
autonomous communities. Participants were recruited during routine occupational health
assessments performed as part of periodic workplace health surveillance programmes
across different employment sectors. These assessments are routinely conducted among
actively employed workers and include standardised collection of anthropometric, clinical,
sociodemographic, and lifestyle information. The occupational health setting provided
an opportunity to evaluate educational level, lifestyle factors, and obesity within a real-
world employed population. Consequently, the study population should be considered
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an occupational health sample of actively employed adults rather than a population-
based sample.

Participants were included if complete information was available for educational level,
anthropometric measurements, and lifestyle variables. Individuals with missing data in
key exposure or outcome variables were excluded from the analysis. A total of 3249 eligible
workers were initially identified. Of these, 141 were excluded because of missing informa-
tion on educational level, anthropometric measurements, or lifestyle variables. The final
analytical sample therefore consisted of 3108 participants, corresponding to a participation
rate of 95.7%. The participant selection process is summarised in Figure 1. The use of
occupational cohorts has been shown to provide valuable insights into cardiometabolic risk
and its determinants in active populations [15,16].

Figure 1. Flow diagram of participant selection.

2.2. Study Variables
2.2.1. Exposure: Educational Level

Educational attainment was used as the primary indicator of socioeconomic position.
Educational level was self-reported during the occupational health interview and was clas-
sified into three categories according to the Spanish educational system: higher education
(university degree, postgraduate degree, or equivalent tertiary education), intermediate
education (upper secondary education, vocational training, or equivalent qualifications),
and primary or no formal education (primary school education, incomplete compulsory
education, or no formal educational qualifications). This categorisation reflects commonly
used approaches in epidemiological research and captures gradients in socioeconomic
conditions across the adult population [17].

Education was selected over other socioeconomic indicators due to its relative stability
over time and its strong association with health-related behaviours and long-term risk of
chronic disease [18,19].

2.2.2. Outcome: Obesity

The main outcome of interest was obesity, defined as a body mass index
(BMI) ≥ 30 kg/m2, calculated from measured weight and height. Anthropometric mea-
surements were obtained during standardised occupational health examinations by trained
healthcare personnel. Body weight was measured using a calibrated Tanita BC-418 MA
scale (TANITA Corporation, Tokyo, Japan), with participants wearing underwear and no
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shoes. Height was measured in the standing position using a SECA 220 stadiometer (SECA,
Chino, CA, USA). BMI was subsequently calculated as weight in kilograms divided by
height in metres squared.

BMI remains the most widely used indicator in epidemiological studies assessing
obesity at the population level, despite known limitations related to body composition [20].

2.2.3. Lifestyle Variables

Lifestyle factors were considered as explanatory variables potentially contributing
to the association between educational level and obesity. These included smoking status,
physical activity, and adherence to a Mediterranean dietary pattern, all assessed using
validated instruments.

The occupational health database did not distinguish between never smokers and
former smokers; therefore, a more detailed categorisation of smoking status was not
possible. Participants were considered current smokers if they reported smoking tobacco
regularly at the time of the assessment, regardless of the number of cigarettes consumed
per day. Individuals who reported not currently smoking were classified as non-smokers,
including both never smokers and former smokers [21].

Physical activity was evaluated using the short form of the International Physical
Activity Questionnaire (IPAQ-SF), a widely used and validated tool for assessing physical
activity in epidemiological studies [22]. The IPAQ-SF captures the frequency and duration
of vigorous, moderate, and walking activities over the previous seven days. Following
established IPAQ scoring guidelines, participants classified as having moderate or high
physical activity levels were considered physically active, whereas those classified as having
low physical activity levels were considered inactive.

Dietary habits were assessed using the 14-item Mediterranean Diet Adherence Screener
(MEDAS-14), which evaluates adherence to key components of the Mediterranean diet,
including consumption of olive oil, fruits, vegetables, legumes, fish, and processed foods.
The MEDAS-14 score ranges from 0 to 14, with higher scores indicating greater adherence
to the Mediterranean dietary pattern.

Participants were classified into two categories according to established cut-off points:
low adherence (<9 points) and high adherence (≥9 points) [23]. This threshold has been
widely used in Mediterranean population studies and has been shown to discriminate
between lower and higher adherence to the Mediterranean dietary pattern.

The inclusion of these validated instruments allows for a more robust assessment of
lifestyle behaviours and reduces the likelihood of measurement bias when evaluating their
relationship with educational level and obesity.

2.3. Additional Covariates

Age and sex were included as core covariates in all analyses due to their strong and
consistent association with obesity. Additionally, the presence of diabetes was considered a
clinical variable given its close relationship with adiposity and metabolic dysfunction [24].
Diabetes status was determined from occupational health records, previously documented
medical diagnoses, self-reported medical history obtained during the occupational health
interview, and laboratory data available from the occupational health assessment.

2.4. Statistical Analysis

Descriptive analyses were performed to characterise the study population across edu-
cational categories. Continuous variables were expressed as mean and standard deviation,
while categorical variables were presented as frequencies and percentages.

The distribution of continuous variables was assessed using the Kolmogorov–Smirnov
test. Variables showing an approximately normal distribution were summarised as means
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and standard deviations (SD). Comparisons between groups were performed using Stu-
dent’s t-test for independent samples.

Prior to fitting the regression models, multicollinearity among the independent variables
was assessed using variance inflation factors (VIFs). All VIF values were below 10, indicating
the absence of problematic multicollinearity among the variables included in the models.

The association between educational level and obesity was evaluated using logistic
regression models. To assess how adjustment for lifestyle factors influenced the association
between educational level and obesity, a sequential modelling approach was applied:

• Model 1: crude association
• Model 2: adjusted for age and sex
• Model 3: additionally adjusted for lifestyle factors (smoking, physical activity, diet)
• Model 4: sensitivity analysis additionally adjusted for diabetes.

Changes in effect estimates across models were examined to evaluate how adjustment
for lifestyle variables influenced the magnitude of the association between educational
level and obesity. The percentage attenuation of the odds ratios after inclusion of lifestyle
factors was calculated as a descriptive measure of changes in the strength of the association
across sequential models. Percentage attenuation was calculated as [(ORcrude − ORad-
justed)/ORcrude] × 100, where ORcrude represents the odds ratio from the unadjusted
model and ORadjusted represents the odds ratio after adjustment. This approach was not
intended to estimate direct or indirect effects and should not be interpreted as a formal
mediation analysis. These analyses should not be interpreted as formal mediation analyses
or as evidence of direct and indirect causal effects, a commonly used approach in epidemi-
ological studies when formal causal mediation methods are not applied [25,26]. Given the
cross-sectional design, temporal ordering among educational level, lifestyle behaviours,
and obesity could not be established.

Results were expressed as odds ratios (ORs) with 95% confidence intervals (95% CI).
A two-sided p-value < 0.05 was considered statistically significant.

All analyses were conducted using IBM SPSS Statistics version 30.0 (IBM Corp.,
Armonk, NY, USA).

3. Results
3.1. Study Population

A total of 3108 participants were included in the analysis. The mean age of the study
population was 42.7 years (SD 9.4), and 40.7% were women. Educational level showed
a clear gradient across several baseline characteristics, with individuals in lower educational
categories tending to be older and more frequently exposed to adverse behavioural and
clinical profiles.

The main characteristics of the study population according to educational level are
presented in Table 1.

Table 1. Characteristics of the study population according to educational level.

Variable Higher Education
(n = 732)

Intermediate
(n = 760)

Primary/None
(n = 1616) p-Value

Age, mean (SD) 35.8 (8.2) 44.6 (8.9) 45.0 (9.8) <0.001
Female, n (%) 348 (47.5) 300 (39.5) 617 (38.2) <0.001
Obesity, n (%) 84 (11.5) 112 (14.7) 320 (19.8) <0.001

Current smokers, n (%) 204 (27.9) 208 (27.4) 575 (35.6) <0.001
Physical inactivity, n (%) 248 (33.9) 280 (36.8) 667 (41.3) 0.002

Low adherence to Mediterranean diet (MEDAS-14), n (%) 238 (32.5) 312 (41.1) 792 (49.0) <0.001
Diabetes, n (%) 4 (0.5) 12 (1.6) 56 (3.5) <0.001
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In particular, lower educational attainment was associated with a higher prevalence
of smoking and physical inactivity, as well as a greater proportion of individuals with
diabetes, suggesting a clustering of behavioural and metabolic risk factors within socially
disadvantaged groups.

3.2. Prevalence of Obesity Across Educational Levels

The overall prevalence of obesity in the study population was 16.6%. A clear and
progressive gradient was observed across educational categories, with higher prevalence
among individuals with lower educational attainment.

Specifically, obesity prevalence increased from 11.5% in participants with higher
education to 19.8% among those with primary or no formal education, with intermediate
values observed in the middle category. This gradient was statistically significant and
consistent across the distribution, indicating a robust association between educational level
and obesity.

3.3. Association Between Educational Level and Obesity

To further explore the relationship between educational level and obesity, sequential lo-
gistic regression models were fitted, progressively adjusting for demographic, behavioural,
and clinical factors. The results are summarised in Table 2.

Table 2. Association between educational level and obesity: sequential logistic regression models.

Model Intermediate vs. Higher OR (95% CI) Primary vs. Higher OR (95% CI)

Model 1 (crude) 1.33 (1.01–1.75) 1.89 (1.46–2.45)
Model 2 (+age, sex) 1.28 (0.97–1.68) 1.72 (1.32–2.24)

Model 3 (+lifestyle factors) 1.22 (0.92–1.60) 1.63 (1.24–2.13)
Model 4 (sensitivity analysis: +diabetes) 1.22 (0.88–1.69) 1.61 (1.18–2.21)

As shown in Table 2, a lower educational level was associated with higher odds of
obesity in crude analyses, with a clear gradient across categories. Adjustment for age
and sex led to a modest attenuation of the estimates, although the association remained
statistically significant for individuals with primary or no formal education.

Further adjustment for lifestyle factors, including smoking, physical activity, and
dietary habits, resulted in an additional reduction in the magnitude of the association.
This pattern indicates that adjustment for behavioural factors attenuated the association
between educational level and obesity.

In a sensitivity analysis additionally adjusted for diabetes, individuals with the lowest
educational level continued to exhibit significantly higher odds of obesity (OR 1.61, 95% CI
1.18–2.21), indicating that the observed association was robust to this additional adjustment.

The progressive attenuation of the association across models is further illustrated
in Figure 2.

Figure 2 shows a gradual reduction in the strength of the association after adjustment
for lifestyle and clinical factors, while the association remained statistically significant
across models.

To further quantify the contribution of lifestyle factors to the association between
educational level and obesity, changes in the effect estimates across sequential models were
examined. These results are presented in Table 3.

Percentages represent descriptive changes in effect estimates relative to the crude model
and should not be interpreted as estimates of mediation, direct effects, or indirect effects.

As shown in Table 3, the inclusion of demographic variables resulted in a modest
reduction in the strength of the association. Further adjustment for lifestyle factors led to
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an additional attenuation, indicating that adjustment for smoking, physical activity, and
diet attenuated the association between educational level and obesity.

 
Figure 2. Association between educational level and obesity across sequential models.

Table 3. Descriptive attenuation of odds ratios across sequentially adjusted models.

Model OR (Primary vs. Higher) % Change

Crude 1.89 —
+age, sex 1.72 −9%
+lifestyle 1.63 −14%

Fully adjusted 1.61 −15%

4. Discussion
In this cross-sectional study of working-age adults, a lower educational level was

consistently associated with a higher prevalence and increased odds of obesity. The ob-
served gradient was robust across analytical approaches and persisted after adjustment for
demographic, behavioural, and clinical factors. Although the inclusion of lifestyle variables
led to a modest attenuation of the association, a statistically significant association remained
after adjustment.

Taken together, these findings indicate that adjustment for behavioural factors attenu-
ated, but did not eliminate, the association between educational level and obesity. Rather
than representing isolated individual choices, obesity appears to reflect a broader social
pattern shaped by both behavioural and structural determinants.

The presence of a clear educational gradient in obesity observed in this study is con-
sistent with a large body of epidemiological evidence. Previous research has repeatedly
shown that obesity is disproportionately concentrated among individuals with lower so-
cioeconomic position, particularly when measured through educational attainment [27,28].
This pattern has been documented across different geographical settings and remains
evident even in countries with universal healthcare systems, suggesting that access to care
alone does not eliminate these disparities.

Importantly, our findings are in line with studies indicating that adjustment for lifestyle
behaviours only partially reduces socioeconomic differences in obesity. For instance, anal-
yses conducted in European cohorts have demonstrated that although diet and physical
activity are socially patterned, their contribution to explaining inequalities in obesity is
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limited [29,30]. Similarly, longitudinal studies have reported that socioeconomic gradients
in body mass index persist over time despite accounting for behavioural factors, reinforcing
the notion that additional mechanisms are involved [31].

Taken together, these observations support the interpretation that educational inequal-
ities in obesity cannot be fully attributed to differences in individual behaviour, and instead
reflect more complex and multifactorial processes.

One of the most relevant aspects of the present study is the relatively modest attenua-
tion of the association between educational level and obesity after adjustment for lifestyle
variables. While behaviours such as physical inactivity, smoking, and dietary patterns
clearly contribute to obesity risk, the limited reduction in effect estimates suggests that
these factors capture only part of the underlying pathways.

This finding is consistent with the concept of socioeconomic position as an upstream
determinant of health. Educational level has been associated with obesity through a wide
range of mechanisms proposed in previous research, including early-life exposures, cu-
mulative disadvantage, and differential access to material and social resources across the
life course [32,33]. From this perspective, lifestyle behaviours may reflect broader social
conditions and could contribute to the observed association between educational level
and obesity.

Moreover, the use of self-reported lifestyle variables may underestimate their true
contribution, particularly in socially patterned behaviours such as diet and physical activity.
Nevertheless, even accounting for potential measurement error, the persistence of the
association suggests that important determinants remain unmeasured. This interpretation
is consistent with recent evidence from formal mediation analyses. Bartoskova Polcrova
et al. demonstrated that educational inequalities in adiposity are influenced by multiple
pathways, including lifestyle, socioeconomic, and mental health factors, and that the rela-
tive contribution of these pathways may differ by sex. Their findings highlight the added
value of formal mediation approaches for disentangling direct and indirect mechanisms
and reinforce the distinction between attenuation of associations after adjustment and
causal mediation effects [34].

Although environmental and contextual factors were not directly measured in the
present study, previous research has highlighted their potential importance in shaping
obesity risk. Previous studies have suggested that individuals with lower educational
attainment may be more likely to be exposed to environments characterised by limited
access to healthy foods, reduced opportunities for physical activity, and greater availability
of energy-dense, nutrient-poor options [35,36].

In addition to material conditions, previous research has suggested that psychosocial
factors may also contribute to obesity risk. Chronic exposure to stress associated with
socioeconomic disadvantage has been linked to dysregulation of neuroendocrine pathways,
including activation of the hypothalamic–pituitary–adrenal axis, which may contribute to
weight gain and metabolic disturbances [37,38]. Recent evidence has also highlighted the in-
fluence of social determinants and stress on dietary behaviours, reinforcing the notion that
lifestyle factors are shaped by broader socioeconomic and psychosocial conditions rather
than operating in isolation [39]. These mechanisms have been proposed as potential expla-
nations for the persistence of socioeconomic inequalities in obesity beyond behavioural
factors. However, these pathways were not directly measured in the present study and
therefore cannot be evaluated using our data.

Taken together, evidence from previous studies suggests that obesity may be influ-
enced by a broader social and environmental context, rather than solely by individual
lifestyle choices. However, these factors were not directly assessed in the present study and
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should therefore be considered as potential explanatory mechanisms rather than findings
derived from our data.

4.1. Strengths and Limitations

This study has several strengths that should be considered. It includes a relatively
large sample of working-age adults, with objectively measured anthropometric data and
the use of validated instruments to assess key lifestyle behaviours. The application of
sequential regression models allowed for a structured assessment of the contribution of
different factors to the observed association.

At the same time, several limitations should be acknowledged. The cross-sectional
design precludes causal inference, and reverse causation cannot be ruled out. Lifestyle
variables were self-reported and may be subject to recall or reporting bias. Additionally,
although major behavioural factors were included, other relevant determinants such as
environmental exposures, income, or psychosocial stress were not directly measured.

Because diabetes may lie on pathways linking socioeconomic factors and obesity,
the model including diabetes should be interpreted as a sensitivity analysis rather than
a primary adjustment model.

An additional limitation relates to the occupational nature of the study population.
Participants were recruited during routine occupational health assessments and therefore
represent an actively employed population. Consequently, unemployed individuals, re-
tired adults, persons outside the labour market, and individuals with severe illness were
not represented. This may have introduced a healthy worker effect, whereby employed
individuals tend to have a more favourable health profile than the general population.
Therefore, caution is warranted when generalising these findings beyond working-age
employed adults.

Accordingly, the study sample should not be considered fully representative of the
general working-age population.

The lifestyle variables were analysed using categorised measures available in the
study database. Therefore, more granular classifications of smoking status, physical ac-
tivity, or Mediterranean diet adherence, as well as sensitivity analyses using continuous
lifestyle scores, could not be performed. This categorisation may have led to some loss of
information and residual confounding.

Furthermore, smoking status was available only as current smoker or non-smoker,
preventing differentiation between never smokers and former smokers and potentially
introducing residual confounding.

These limitations should be considered when interpreting the results, although they
are unlikely to fully explain the observed associations.

4.2. Public Health Implications

The findings of this study have important implications for the design of public
health strategies aimed at reducing obesity. Interventions focusing exclusively on individ-
ual behaviour change may have limited effectiveness if broader social determinants are
not addressed.

Policies aimed at reducing educational inequalities, improving access to healthy en-
vironments, and addressing structural barriers to healthy living have been proposed as
potential strategies to address obesity-related inequalities in previous research. This aligns
with current public health frameworks that emphasise the importance of upstream inter-
ventions targeting the social determinants of health.
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5. Conclusions
Lower educational level was associated with higher odds of prevalent obesity in this

working-age population. Sequential adjustment for lifestyle factors modestly attenuated
this association, suggesting that these behaviours may contribute to, but do not fully ac-
count for, educational inequalities in obesity. A statistically significant association remained
after adjustment, indicating that additional factors may be involved. These findings should
be interpreted within the context of an employed working-age population and may not be
directly generalisable to the broader adult population.

Author Contributions: Conceptualization: M.T.V.-H. and Á.A.L.-G.; Data collection and analysis:
P.J.T.L. and C.B.-C.; Data curation: C.B.-C. and P.J.T.L.; Methodology: M.T.V.-H. and L.R.C.; Validation:
J.I.R.-M.; Formal analysis: M.T.V.-H.; Investigation: L.R.C.; Draft: M.T.V.-H., P.J.T.L., J.I.R.-M. and
C.B.-C.; Revision: Á.A.L.-G., C.B.-C. and J.I.R.-M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Balearic Islands (CEI-IB; reference IB
4383/20; 26 November 2020). All data were anonymised and handled in compliance with the Spanish
Organic Law 3/2018 and the General Data Protection Regulation (EU 2016/679).

Informed Consent Statement: All participants provided written informed consent prior to inclusion.

Data Availability Statement: The datasets generated and analyzed during the current study are main-
tained in a secure institutional repository at ADEMA University School. Access to fully anonymised
data may be considered upon reasonable request to the corresponding author, subject to compliance
with applicable ethical requirements and current data protection legislation. The data presented in
this study are available on request from the corresponding author. Data are available from ADEMA
University School upon reasonable request, subject to data protection re-strictions.

Conflicts of Interest: The authors declare no competing interests.

References
1. Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Després, J.P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, I.J.;

Sanders, P.; et al. Obesity and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation
2021, 143, e984–e1010. [CrossRef] [PubMed] [PubMed Central]

2. World Health Organization. Obesity and Overweight; WHO: Geneva, Switzerland, 2024. Available online: https://www.who.int/
news-room/fact-sheets/detail/obesity-and-overweight (accessed on 12 May 2026).

3. Naghizadeh, M.; Maskouni, S.J.; Mortazavi, Z.; Ahmadi, M.; Shokri, S. The Impact of Fast Food Consumption on the Development
of General and Central Obesity. Acad. J. Health Sci. 2024, 39, 44–48. [CrossRef]

4. Stringhini, S.; Carmeli, C.; Jokela, M.; Avendaño, M.; Muennig, P.; Guida, F. Socioeconomic status and the 25 × 25 risk factors as
determinants of premature mortality: A multicohort study and meta-analysis of 1·7 million men and women. Lancet 2017, 389,
1229–1237. Erratum in Lancet 2017, 389, 1194. https://doi.org/10.1016/S0140-6736(17)30311-2. [CrossRef] [PubMed] [PubMed
Central]

5. Kivimäki, M.; Batty, G.D.; Pentti, J.; Shipley, M.J.; Sipilä, P.N.; Nyberg, S.T.; Suominen, S.B.; Oksanen, T.; Stenholm, S.; Virtanen,
M.; et al. Association between socioeconomic status and the development of mental and physical health conditions in adulthood:
A multi-cohort study. Lancet Public Health 2020, 5, e140–e149. [CrossRef] [PubMed]

6. Khatami, S.G.; Baumkötter, R.; Petersen, J.; Ten Cate, V.; Wild, P.S. The relation between socioeconomic status and societal
development with cardiovascular disease—A systematic review and meta-analysis on global data. Atherosclerosis 2026, 415,
120697. [CrossRef] [PubMed]

7. Adamou, H.; François, D.; Lebel, A.; Paquette, M.C. Life-course socioeconomic status and obesity: A scoping review protocol.
BMJ Open 2024, 14, e077750. [CrossRef] [PubMed] [PubMed Central]

8. World Health Organization. Social Determinants of Health; WHO: Geneva, Switzerland, 2024. Available online: https://www.who.
int/health-topics/social-determinants-of-health#tab=tab_1 (accessed on 12 May 2026).

9. Marmot, M. Health equity in England: The Marmot review 10 years on. BMJ 2020, 368, m693. [CrossRef] [PubMed]

https://doi.org/10.3390/medsci14030351

https://doi.org/10.1161/CIR.0000000000000973
https://www.ncbi.nlm.nih.gov/pubmed/33882682
https://pmc.ncbi.nlm.nih.gov/articles/PMC8493650
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.3306/AJHS.2024.39.01.44
https://doi.org/10.1016/S0140-6736(17)30311-2
https://doi.org/10.1016/S0140-6736(16)32380-7
https://www.ncbi.nlm.nih.gov/pubmed/28159391
https://pmc.ncbi.nlm.nih.gov/articles/PMC5368415
https://pmc.ncbi.nlm.nih.gov/articles/PMC5368415
https://doi.org/10.1016/S2468-2667(19)30248-8
https://www.ncbi.nlm.nih.gov/pubmed/32007134
https://doi.org/10.1016/j.atherosclerosis.2026.120697
https://www.ncbi.nlm.nih.gov/pubmed/41819709
https://doi.org/10.1136/bmjopen-2023-077750
https://www.ncbi.nlm.nih.gov/pubmed/38367976
https://pmc.ncbi.nlm.nih.gov/articles/PMC10875501
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
https://doi.org/10.1136/bmj.m693
https://www.ncbi.nlm.nih.gov/pubmed/32094110
https://doi.org/10.3390/medsci14030351


Med. Sci. 2026, 14, 351 11 of 12

10. Darmon, N.; Drewnowski, A. Does social class predict diet quality? Am. J. Clin. Nutr. 2008, 87, 1107–1117. [CrossRef] [PubMed]
11. Giskes, K.; Avendano, M.; Brug, J.; Kunst, A.E. A systematic review of studies on socioeconomic inequalities in dietary intakes

associated with weight gain and overweight/obesity conducted among European adults. Obes. Rev. 2010, 11, 413–429. [CrossRef]
[PubMed]

12. Beenackers, M.A.; Kamphuis, C.B.; Giskes, K.; Brug, J.; Kunst, A.E.; Burdorf, A.; Van Lenthe, F.J. Socioeconomic inequalities in
occupational, leisure-time, and transport related physical activity among European adults: A systematic review. Int. J. Behav.
Nutr. Phys. Act. 2012, 9, 116. [CrossRef] [PubMed] [PubMed Central]

13. Aguiló Juanola, M.C.; López-González, A.A.; Tomás-Gil, P.; Paublini, H.; Tárraga-López, P.J.; Ramírez-Manent, J.I. Influence of
tobacco consumption on the values of different cardiometabolic risk scales in 418,343 spanish workers. Acad. J. Health Sci. 2024,
39, 92–98. [CrossRef]

14. Schultz, W.M.; Kelli, H.M.; Lisko, J.C.; Varghese, T.; Shen, J.; Sandesara, P.; Quyyumi, A.A.; Taylor, H.A.; Gulati, M.; Harold,
J.G.; et al. Socioeconomic Status and Cardiovascular Outcomes: Challenges and Interventions. Circulation 2018, 137, 2166–2178.
[CrossRef] [PubMed] [PubMed Central]

15. Tosoratto, J.; Carriedo, B.; Cantón, C. Cardiometabolic risk level in 43074 Spanish office workers: Associated variables. Acad. J.
Health Sci. 2024, 39, 48–56. [CrossRef]

16. Mestre Font, M.; Busquets-Cortés, C.; Ramírez-Manent, J.I.; Vallejos, D.; Sastre Alzamora, T.; López-González, A.A. Influence of
sociodemographic variables and healthy habits on the values of cardiometabolic risk scales in 386924 spanish workers. Acad. J.
Health Sci. 2024, 39, 112–121. [CrossRef]

17. Hjorth, C.F.; Kjærulff, T.M.; Thomsen, M.K.; Cronin-Fenton, D.; Dalton, S.O.; Olsen, M.H. SEPLINE: Socioeconomic Position in
Epidemiological Research-A National Guideline on Danish Registry Data. Clin. Epidemiol. 2025, 17, 593–624. [CrossRef] [PubMed]
[PubMed Central]

18. Zhu, R.; Wang, R.; He, J.; Wang, L.; Chen, H.; Niu, X.; Sun, Y.; Guan, Y.; Gong, Y.; Zhang, L.; et al. Prevalence of Cardiovascular-
Kidney-Metabolic Syndrome Stages by Social Determinants of Health. JAMA Netw. Open 2024, 7, e2445309. [CrossRef] [PubMed]
[PubMed Central]

19. Ramírez Gallegos, A.; Valiente Pizà, A.G.; García Pertegaz, P.; Coll Campayo, I.; García Samuelsson, M.; Busquets Cortés, C.
Multimetric assessment of obesity in manual workers: The impact of age, smoking, diet, and physical activity. Acad. J. Health Sci.
2025, 40, 91–104. [CrossRef]

20. Koskinas, K.C.; Van Craenenbroeck, E.M.; Antoniades, C.; Blüher, M.; Gorter, T.M.; Hanssen, H.; Marx, N.; McDonagh, T.A.;
Mingrone, G.; Rosengren, A.; et al. Obesity and cardiovascular disease: An ESC clinical consensus statement. Eur. Heart J. 2024,
45, 4063–4098. Erratum in Eur. Heart J. 2025, 46, 876. https://doi.org/10.1093/eurheartj/ehae915. [CrossRef] [PubMed]

21. Rigotti, N.A.; Kruse, G.R.; Livingstone-Banks, J.; Hartmann-Boyce, J. Treatment of Tobacco Smoking: A Review. JAMA 2022,
327, 566–577. [CrossRef] [PubMed]

22. Meh, K.; Jurak, G.; Sorić, M.; Rocha, P.; Sember, V. Validity and Reliability of IPAQ-SF and GPAQ for Assessing Sedentary
Behaviour in Adults in the European Union: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2021,
18, 4602. [CrossRef] [PubMed] [PubMed Central]

23. Celada Roldán, C.; López Díez, J.; Rider, F.; Cerezuela Abarca, M.Á.; Tárraga Marcos, A.; Tárraga López, P.J. Evaluation of
adherence to the Mediterranean diet after a nutritional dietary intervention from primary care. Nutr. Hosp. 2025, 43, 509–516.
[CrossRef] [PubMed]

24. Ramírez-Manent, J.I.; López-González, Á.A.; Martínez-Almoyna Rifá, E.; Paublini Oliveira, H.; Martorell Sánchez, C.; Tárraga
López, P.J. Association between sociodemographic variables, healthy habits and stress with insulin resistance risk scales. Acad. J.
Health Sci. 2025, 40, 107–116. [CrossRef]

25. VanderWeele, T.J. Mediation Analysis: A Practitioner’s Guide. Annu. Rev. Public Health 2016, 37, 17–32. [CrossRef] [PubMed]
26. Tönnies, T.; Schlesinger, S.; Lang, A.; Kuss, O. Mediation Analysis in Medical Research. Dtsch. Arztebl. Int. 2023, 120, 681–687.

[CrossRef] [PubMed] [PubMed Central]
27. Devaux, M.; Sassi, F. Social inequalities in obesity and overweight in 11 OECD countries. Eur. J. Public Health 2013, 23, 464–469.

[CrossRef] [PubMed]
28. Loring, B.; Robertson, A. Obesity and Inequities: Guidance for Addressing Inequities in Overweight and Obesity; WHO Europe:

Copenhagen, Denmark, 2014. Available online: https://iris.who.int/items/a2b77bb0-064f-4c25-979b-574bd3cb005d (accessed on
12 May 2026).

29. Bhurosy, T.; Jeewon, R. Overweight and obesity epidemic in developing countries: A problem with diet, physical activity,
or socioeconomic status? Sci. World J. 2014, 2014, 964236. [CrossRef] [PubMed] [PubMed Central]

30. Dahlgren, G.; Whitehead, M. The Dahlgren-Whitehead model of health determinants: 30 years on and still chasing rainbows.
Public Health 2021, 199, 20–24. [CrossRef] [PubMed]

31. Killedar, A.; Lung, T.; Hayes, A. Investigating socioeconomic inequalities in BMI growth rates during childhood and adolescence.
Obes. Sci. Pract. 2021, 8, 101–111. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.3390/medsci14030351

https://doi.org/10.1093/ajcn/87.5.1107
https://www.ncbi.nlm.nih.gov/pubmed/18469226
https://doi.org/10.1111/j.1467-789X.2009.00658.x
https://www.ncbi.nlm.nih.gov/pubmed/19889178
https://doi.org/10.1186/1479-5868-9-116
https://www.ncbi.nlm.nih.gov/pubmed/22992350
https://pmc.ncbi.nlm.nih.gov/articles/PMC3491027
https://doi.org/10.3306/AJHS.2024.39.02.92
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://www.ncbi.nlm.nih.gov/pubmed/29760227
https://pmc.ncbi.nlm.nih.gov/articles/PMC5958918
https://doi.org/10.3306/AJHS.2024.39.04.48
https://doi.org/10.3306/AJHS.2024.39.04.112
https://doi.org/10.2147/CLEP.S520772
https://www.ncbi.nlm.nih.gov/pubmed/40641826
https://pmc.ncbi.nlm.nih.gov/articles/PMC12242267
https://doi.org/10.1001/jamanetworkopen.2024.45309
https://www.ncbi.nlm.nih.gov/pubmed/39556396
https://pmc.ncbi.nlm.nih.gov/articles/PMC11574692
https://doi.org/10.3306/AJHS.2025.40.06.8
https://doi.org/10.1093/eurheartj/ehae915
https://doi.org/10.1093/eurheartj/ehae508
https://www.ncbi.nlm.nih.gov/pubmed/39210706
https://doi.org/10.1001/jama.2022.0395
https://www.ncbi.nlm.nih.gov/pubmed/35133411
https://doi.org/10.3390/ijerph18094602
https://www.ncbi.nlm.nih.gov/pubmed/33926123
https://pmc.ncbi.nlm.nih.gov/articles/PMC8123682
https://doi.org/10.20960/nh.04786
https://www.ncbi.nlm.nih.gov/pubmed/40066570
https://doi.org/10.3306/AJHS.2025.40.02.107
https://doi.org/10.1146/annurev-publhealth-032315-021402
https://www.ncbi.nlm.nih.gov/pubmed/26653405
https://doi.org/10.3238/arztebl.m2023.0175
https://www.ncbi.nlm.nih.gov/pubmed/37584228
https://pmc.ncbi.nlm.nih.gov/articles/PMC10666259
https://doi.org/10.1093/eurpub/ckr058
https://www.ncbi.nlm.nih.gov/pubmed/21646363
https://iris.who.int/items/a2b77bb0-064f-4c25-979b-574bd3cb005d
https://doi.org/10.1155/2014/964236
https://www.ncbi.nlm.nih.gov/pubmed/25379554
https://pmc.ncbi.nlm.nih.gov/articles/PMC4212551
https://doi.org/10.1016/j.puhe.2021.08.009
https://www.ncbi.nlm.nih.gov/pubmed/34534885
https://doi.org/10.1002/osp4.549
https://www.ncbi.nlm.nih.gov/pubmed/35127126
https://pmc.ncbi.nlm.nih.gov/articles/PMC8804938
https://doi.org/10.3390/medsci14030351


Med. Sci. 2026, 14, 351 12 of 12

32. Drewnowski, A. Obesity, diets, and social inequalities. Nutr. Rev. 2009, 67, S36–S39. [CrossRef] [PubMed]
33. Adamou, H.; Paquette, M.C.; François, D.; Robitaille, É.; Ouindpanga, S.S.; Lebel, A. Life-course socioeconomic status and obesity:

Scoping review. Popul. Health Metr. 2025, 23, 63. [CrossRef] [PubMed] [PubMed Central]
34. Bartoskova Polcrova, A.; Ksinan, A.J.; González-Rivas, J.P.; Bobak, M.; Pikhart, H. The explanation of educational disparities

in adiposity by lifestyle, socioeconomic and mental health mediators: A multiple mediation model. Eur. J. Clin. Nutr. 2024,
78, 376–383. [CrossRef] [PubMed] [PubMed Central]

35. Mendenhall, E.; Singer, M. The global syndemic of obesity, undernutrition, and climate change. Lancet 2019, 393, 741. [CrossRef]
[PubMed]

36. Westberg, K.; Stavros, C.; Parker, L.; Powell, A.; Martin, D.M.; Worsley, A.; Reid, M.; Fouvy, D. Promoting healthy eating in the
community sport setting: A scoping review. Health Promot. Int. 2022, 37, daab030. [CrossRef] [PubMed]

37. Hill, D.; Conner, M.; Clancy, F.; Moss, R.; Wilding, S.; Bristow, M.; O’cOnnor, D.B. Stress and eating behaviours in healthy adults:
A systematic review and meta-analysis. Health Psychol. Rev. 2022, 16, 280–304. [CrossRef] [PubMed]

38. Tárraga Marcos, P.J.; López-González, Á.A.; Martínez-Almoyna Rifá, E.; Paublini Oliveira, H.; Martorell Sánchez, C.; Tárraga
López, P.J.; Ramírez-Manent, J.I. Variables associated with overweight and obesity in Spanish healthcare workers. Acad. J.
Health Sci. 2025, 40, 9–19. [CrossRef]

39. Coppi, F.; Bucciarelli, V.; Solodka, K.; Selleri, V.; Zanini, G.; Pinti, M.; Nasi, M.; Salvioli, B.; Nodari, S.; Gallina, S.; et al. The Impact
of Stress and Social Determinants on Diet in Cardiovascular Prevention in Young Women. Nutrients 2024, 16, 1044. [CrossRef]
[PubMed] [PubMed Central]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medsci14030351

https://doi.org/10.1111/j.1753-4887.2009.00157.x
https://www.ncbi.nlm.nih.gov/pubmed/19453676
https://doi.org/10.1186/s12963-025-00424-7
https://www.ncbi.nlm.nih.gov/pubmed/41254680
https://pmc.ncbi.nlm.nih.gov/articles/PMC12625444
https://doi.org/10.1038/s41430-024-01403-1
https://www.ncbi.nlm.nih.gov/pubmed/38245616
https://pmc.ncbi.nlm.nih.gov/articles/PMC11078717
https://doi.org/10.1016/S0140-6736(19)30310-1
https://www.ncbi.nlm.nih.gov/pubmed/30765124
https://doi.org/10.1093/heapro/daab030
https://www.ncbi.nlm.nih.gov/pubmed/33647956
https://doi.org/10.1080/17437199.2021.1923406
https://www.ncbi.nlm.nih.gov/pubmed/33913377
https://doi.org/10.3306/AJHS.2025.40.03.9
https://doi.org/10.3390/nu16071044
https://www.ncbi.nlm.nih.gov/pubmed/38613078
https://pmc.ncbi.nlm.nih.gov/articles/PMC11013318
https://doi.org/10.3390/medsci14030351

	Introduction 
	Methods 
	Study Design and Population 
	Study Variables 
	Exposure: Educational Level 
	Outcome: Obesity 
	Lifestyle Variables 

	Additional Covariates 
	Statistical Analysis 

	Results 
	Study Population 
	Prevalence of Obesity Across Educational Levels 
	Association Between Educational Level and Obesity 

	Discussion 
	Strengths and Limitations 
	Public Health Implications 

	Conclusions 
	References

